Population genetic patterns can be affected by a number of factors, including life history characteristics and landscape features. Identifying general patterns of connectivity and key factors affecting these patterns is often central to effective ecological monitoring and management, particularly in areas with increasing urbanization. Examining patterns of connectivity and diversity of widespread and still abundant vertebrates, such as many cricetid rodents, can serve as a general indicator of habitat quality and connectivity. We investigated patterns of genetic diversity, differentiation, and population structure in 2 species of deer mice (Peromyscus californicus and P. fraterculus) occupying patches of native habitat separated by roadways in San Diego County, California. The 2 species are closely related and frequently co-occur at the same site. We collected samples from 5 widely distributed sites throughout the county and analyzed them using 10-12 microsatellites. We found similar levels of genetic diversity in both species, with allelic richness ranging from 4.47 to 8.81 and observed heterozygosity values from 0.60 to 0.79. In general, we found that P. californicus exhibits a pattern of isolation by distance at a finer spatial scale than does P. fraterculus. Populations of both species that were separated by major roads were not strongly genetically differentiated, with one exception: at 1 site, P. fraterculus exhibited signs of minor differentiation across a roadway. However, subsequent landscape modeling at this site was unsuccessful in detecting a correlation between specific landscape features and genetic differentiation. In general, our study shows that small rodent populations may be robust with respect to impacts of recent anthropogenic fragmentation by roadways.
Most habitats across the globe are now impacted by humans and various types of anthropogenic development. Habitat fragmentation, broadly defined as the division of large, continuous parcels of a natural landscape into smaller, spatially distinct areas, is just one consequence of urbanization and other human activities and can result in a decline in species richness and abundance, reduced gene flow, and higher risk of population extinction (Franklin et al. 2002; Fahrig 2003) . Because of these negative effects, monitoring and managing of biodiversity is a major focus of ecological research. Genetic tools have become increasingly important for ecological monitoring and management in recent years (e.g., Schwartz et al. 2007; Antao et al. 2011; Austin et al. 2015; Leroy et al. 2017 ) and understanding population genetic patterns is now a major mechanism for monitoring the overall status and connectivity of species living in protected natural areas. Genetic connectivity and diversity can be influenced by a variety of species-specific factors, including life history traits, behavior, habitat utilization, and dispersal (Van Deusen and Kaufman 1985; Gomez-Uchida 2009; Peterman et al. 2015) , and studies on a diversity of organisms are necessary to identify general trends.
One of the major anthropogenic activities that impacts terrestrial habitats is the building and use of roadways. Roads have become an especially prevalent landscape feature in terrestrial ecosystems over the past 100 years and often fragment populations by preventing dispersal and movements of animals (e.g., Oxley et al. 1974; Trombulak and Frissel 2000; Epps et al. 2005; Balkenhol and Waits 2009; Brehme et al. 2013) . Roads can cause disruption in gene flow even if animals are able to cross them (Riley et al. 2006) , and divergence between populations of lizards, birds, and frogs separated by roads have been documented in as little as 13-40 years (Lesbarrères et al. 2006; Delaney et al. 2010) .
Regional monitoring and management programs can greatly benefit from genetic studies that address the effects of landscape attributes. Many studies already exist that have used genetic tools to evaluate the role that both biological and landscape factors play in shaping population connectivity (e.g., Mills and Conrey 2003; Munshi-South and Kharchenko 2010; Taylor and Hoffman 2014; Austin et al. 2015) . However, studies that focus on a single species within a single landscape may lack the generality needed to identify broad patterns. It is also important for management agencies to incorporate data on a range of both rare and common species. If the goal of habitat protection is to retain functional and connected communities, understanding the impacts of anthropogenic development on common and widespread species is arguably more important than focusing on rare and endangered species. Information derived from studies of more abundant species may be more widely extrapolated to other species or habitats based on taxonomy or life history traits such as dispersal and reproduction (Delaney et al. 2010; Munshi-South and Kharchenko 2010; Rytwinski and Fahrig 2012) .
Small mammals are a frequent component of terrestrial biological communities across the globe, and often perform key ecosystem services, such as serving as a food resource for predators, dispersing seeds, constructing burrow systems used as refuges by a variety of other species, and influencing vegetation structure (Reichman and Smith 1990; Lloret and Zelder 1991) . Given the ubiquity of mice in the genus Peromyscus across the terrestrial landscape of much of North America, peromyscine rodents are ideal candidates for comparative research of genetic patterns and the biological and physical factors that may affect those patterns.
In San Diego County, California, Peromyscus californicus (California mouse) and P. fraterculus (Northern Baja mouse and formerly P. eremicus; see Riddle et al. 2000) are common residents in coastal sage scrub and chaparral habitats, often in sympatry (M'Closkey 1972; Meserve 1976) . They are found in similar densities in the county (~6.7/ha-Fromer 1974) and influence local vegetation structure through seed caching and facilitated seed dispersal (Lloret and Zelder 1991; Brehme et al. 2011) . The 2 species are closely related, both in the subgenus Haplomylomys (Hooper 1968; Bradley et al. 2007 ). However, they potentially differ in one key life history trait that may influence genetic structure. Unusually for a rodent, the mating system of P. californicus is monogamy, and this species lives in small family groups, which has been confirmed through behavioral research and genetic testing (Gubernick and Alberts 1987; Ribble 1991) . The mating system of P. fraterculus remains ambiguous. Early laboratory studies suggested that pair bonds may exist, but field studies have not confirmed this (Trainor et al. 2006) , and genetic evidence of the mating system has not been confirmed.
Despite their abundance, data on the population genetics of these species are sparse. An early study of P. californicus found that genetic patterns varied geographically and coincided with morphological features and subspecies classifications (Smith 1979) . Population genetic studies of P. fraterculus have primarily focused on variations between island and mainland populations (Avise et al. 1974) or on identifying genetic divisions based on regional geography (Walpole et al. 1997) . Only 1 study of P. californicus evaluated genetic patterns with respect to landscape, and these results suggested some subdivision among populations from fragmented habitats in San Diego County (Putinier 1994) .
Our research aims to further understand the genetic patterns of these 2 species, with particular focus on factors that may shape these patterns. We sampled P. californicus and P. fraterculus at multiple sites throughout San Diego County that were all fragmented by roadways. Although we sampled the county at a relatively coarse spatial scale (individual sample sites separated by 10s of km), we sampled individual animals within sites at a fine spatial scale (individuals separated by 10s of m) that spanned roadways. Based on the life history characteristics of these species and previous genetic studies of terrestrial vertebrates, we predicted that 1) both species would show some level of increased genetic structure across roadways at all sites, 2) P. californicus would show stronger patterns of increased relatedness and isolation by distance (IBD) within sampling sites due to its family-based social structure, and 3) at the county-wide scale, sample sites isolated by extensive urbanization would show increased genetic differentiation and decreased genetic diversity.
Materials and Methods
Field sampling.-We sampled mice at 5 sites in San Diego County, California, between 2012 and 2015 (Fig. 1) . The sites are tracts of natural habitat, primarily mixed scrub containing coastal sage scrub and chaparral vegetation, and all are bisected by major paved roadways.
We sampled animals within a 1-km 2 area at each location, including habitat on both sides of the road. We trapped mice with Sherman traps (H. B. Sherman Co., Tallahassee, Florida) and modified Fitch traps (Rose 1994 ) laid out in 100 × 50 m grids containing 49 traps. A minimum of 6 trapping grids was set at each site, with at least 3 grids on each side of the road. On each side of the road, a minimum of 1 trapping grid was set close to the road (25-50 m from the road) and a minimum of 1 trapping grid was set further (300-500 m from the road as conditions permitted). Traps were set for 1-3 nights during each trapping session. Species were identified by species-specific morphological characteristics including ear length, hind foot length, tail length, and body weight (see Tremor et al. 2017 for detailed descriptions of characteristics distinguishing these species in San Diego County). We recorded sex, GPS coordinates, and morphological measurements, and took tissue samples from the pinnae of captured animals. Recaptured mice were evident from missing tissue on the pinnae and released immediately without further processing. All animals were released at the point of capture. Tissue samples were preserved in 95% ethanol and stored at −20°C until DNA extraction. The study methods were approved by the San Diego State University Animal Care and Use Committee (Protocol Number 13-08-015C) and conform to guidelines for the use of wild animals in research published by the American Society of Mammalogists (Sikes et al. 2016) .
DNA isolation and genotyping.-We extracted genomic DNA from collected tissue samples using a 4-step salt extraction process (see Supplementary Data SD1). Due to a lack of species-specific markers, we genotyped all individuals at 12 cross-amplifying and polymorphic microsatellite loci developed for P. maniculatus, P. polionotus, and P. leucopus. Seven loci were genotyped in common: Pml03 (Chirhart et al. 2000) , PO-9 (Prince et al. 2002) , Ppa01 and Ppa46 (Wooten et al. 1999) , and PLGT62, PLGT58, and PLGT22 (Schmidt 1999) . Additional loci for P. californicus were 5315, 558, 429, and 451 (Weber et al. 2010), and Po-71 (Mullen et al. 2006 ). For P. fraterculus, we added PO3-68 and PO-26 (Prince et al. 2002) , PLGT15 and PLGATA68 (Schmidt 1999) , and Po-116A (Mullen et al. 2006) .
We amplified DNA using 4 multiplexed or pseudo-multiplexed polymerase chain reactions (PCRs) per sample (see Supplementary Data SD2 for PCR conditions). PCR products were sent to the University of Arizona Genetics Core (http:// uagc.arl.arizona.edu) for fragment analysis on an ABI3730 analyzer. We scored alleles using GeneMarker software version 2.5.2 (SoftGenetics LLC, State College, Pennsylvania), with 2 individuals scoring independently to ensure consistency between allele calls. We calculated genotyping errors by reextracting and re-amplifying 5% of the total number of tissue samples (Bonin et al. 2004; Pompanon et al. 2005) .
Sample and marker validation.-We removed samples that failed to amplify for 7 or more microsatellite loci (> 50%) and evaluated the data set for samples with identical genotypes as identified with Coancestry version 1.0.1.5 (Wang 2011) . We tested for presence of null alleles with Micro-Checker (Van Oosterhout et al. 2004) . We checked for conformity to Hardy-Weinberg expectations and tested for gametic disequilibrium using Genepop version 4.4.3 (Raymond and Rousset 1995) and applied a sequential Bonferonni correction (Holm 1979) . We also conducted tests for selective neutrality in Lositan (Beaumont and Nichols 1996; Antao et al. 2008) .
Genetic analyses.-We examined the data set for the presence of 1st-order relatives (parent-offspring or full-sibling), as the presence of related individuals in the data set may indicate a sampling bias such that family groups captured may not be representative of the population, may artificially increase F ST estimates, and can lead to an inaccurate assessment of genetic structure (Anderson and Dunham 2008; Goldberg and Waits 2010) . We used Colony version 2.0.5.9 (Jones and Wang 2010) to identify relatives, and further verified the relationship estimates using ML-Relate (Kalinowski et al. 2006) in conjunction with the 95% confidence intervals from the TrioEst estimator (Wang 2007) in Coancestry. We identified putative 1st-order relatives as those with a probability of the relationship of 95% or higher in Colony that were also supported in ML-Relate with the confidence intervals from Coancestry overlapping 0.5 but not 0.125. We then removed 1st-order relatives from the genetic diversity analyses, genetic differentiation analyses, Bayesian clustering, and multivariate analyses for identification of subpopulations. We retained relatives for initial screening of loci and for the landscape modeling.
We determined genetic diversity measures for each species and site using the diveRsity package (Keenan et al. 2013 ) in R version 3.2.2 (R Development Core Team 2015). We determined observed heterozygosity and the number of alleles for each marker and species at each site using Fstat version 2.9.3.2 (Goudet 1995) . We calculated allelic richness using 1,000 resamples, rarefied to the smallest sample size (18 samples for P. californicus and 23 samples for P. fraterculus), but with the site Cabrillo National Monument (CABR) calculated separately for P. californicus because of a small sample size. We determined F IS using 1,000 bootstraps. We used Arlequin version 3.5.1 (Excoffier and Lischer 2010) to determine F ST values between sites for each species and applied a sequential Bonferroni correction to assess significance.
We also investigated interindividual genetic patterns at fine scales within each site. We calculated Rousset's â (Rousset 1997 (Rousset , 2000 , a measure of genetic distance between pairs of individuals, in Genepop. We determined the Euclidean distance between capture locations of each individual with Geographic Distance Matrix Generator (Ersts 2006) . We then used these 2 measures to test for IBD for each species through simple Mantel tests in the vegan package (Oksanen et al. 2015) in R with 10,000 permutations.
We implemented Bayesian clustering analysis using Structure version 2.3.4 (Pritchard et al. 2000 ) on a county level, then ran it in a hierarchical fashion (Evanno et al. 2005; Pritchard et al. 2010 ) such that each resulting cluster from the initial county-wide analysis was run independently, including only the population(s) contained in that cluster (termed "hierarchical structure analysis" by Vähä et al. 2007 ). The clusters from this 2nd level were then run independently with only their respective populations. This process was repeated with subsequent clusters until every analysis returned a K of 1, indicating no further structure. For all Structure runs, length of burn-in period was 100,000 and the number of Markov Chain Monte Carlo runs was 1,000,000. We used the admixture model with correlated allele frequencies (Falush et al. 2003) and no prior location information, with 20 iterations of each of 1-7 clusters. We used Structure Harvester (Earl and vonHoldt 2012) to determine the most likely value of K based on the log probability of K (lnPr(X|K)) and the rate of change of the log probability (ΔK) (Evanno et al. 2005) . Finally, we employed Clummp (Jakobsson and Rosenberg 2007) to match clusters across the iterations and Distruct (Rosenberg 2004 ) to generate graphical representations of the clusters.
We also implemented a multivariate method, discriminant analysis of principal components (DAPC-Jombart et al. 2010) , for identification of subpopulations of each species using the adegenet package in R. This method focuses on between-group rather than within-group variability, therefore obtaining the best assignment of individuals to groups (Jombart et al. 2010) . We used the cross-validation function to identify the optimum number of axes to retain in the principal components analysis step to avoid overfitting. We retained all axes in the discriminant analysis step.
Landscape analysis.-For sites with an indication of finescale (within-site) genetic structure, we explored the potential correlation of landscape features with interindividual genetic divergence through isolation-by-resistance (IBR) analysis (McRae 2006) . Landscape features included categorical vegetation classes, roads, disturbed urban areas, and bodies of water. We obtained GIS layers for landscape features from the SanGIS/SANDAG GIS Data Warehouse (San Diego Association of Governments n.d.), which included ECO_ VEGETATION_CN, SLOPES_CN, and MAJOR_ROADS. The ECO_VEGETATION_CN layer included vegetation classes of: extended agriculture, grassland, orchard-vineyard, oak-riparian woodland, and scrub, as well as freshwater and developed areas. The SLOPES_CN layer divided the slope into 4 classes, which we applied in the landscape analysis: < 15%, 15 to < 25%, 25 to < 50%, and ≥ 50%. We clipped all layers to the same spatial extent and rasterized all data to a cell size of 10 m.
We first determined appropriate resistance values for each landscape feature using a method based on Richardson (2012).
We assigned 1 of 6 resistance values (5, 10, 50, 100, 500, and 1,000) to each vegetation class while all other classes and features were set to a resistance distance of 1 (no resistance). We ran each feature and resistance value independently in Circuitscape version 3.5.8 (Shah and McRae 2008) using the pairwise mode and 8-neighbor connection scheme through ArcGIS (ESRI 2012). We then tested the resulting effective resistance values from Circuitscape for each landscape feature at each resistance value with a partial Mantel against Rousset's â genetic distance, controlling for geographic distance, in the vegan package (Oksanen et al. 2015) in R. We chose the resistance value with the maximum partial correlation coefficient as the appropriate resistance value for that feature and retained those features that were identified as statistically significant (P < 0.05).
We used the significant features from the partial Mantel tests to create several landscape resistance models in Circuitscape. We determined the support for each model using the Akaike Information Criteria (AIC), based on methods in Richardson (2012) . We calculated AIC with a series of linear regressions: 1) genetic distance against geographic distance; 2) resistance distance for each model against geographic distance; 3) the residuals of the 1st regression against the residuals of the 2nd regression. The residual sums of squares were then used to obtain a likelihood value, used in the calculation of AIC.
In addition to the above method, we optimized resistance surfaces for each layer using the R package ResistanceGA (Peterman 2018 ) with Rousset's â as the response variable, a maximum categorical value of 1,000, and resistance distances calculated through Circuitscape version 4.0 (Shah and McRae 2008) . ResistanceGA uses a genetic algorithm to optimize resistance surfaces and results in optimized resistance values for each categorical class within a layer and an overall evaluation of resistance model fit. We evaluated each layer independently (vegetation and road) to examine whether any landscape feature alone was a better explanation of within-site genetic divergence than distance alone using AIC.
results
Sample and marker validation.-For P. californicus, we collected 19 samples from Valley Center (VC), 70 samples from Torrey Pines State Natural Reserve (TP), 3 samples from Scripps Poway Parkway (SPP), 9 samples from CABR, and 0 samples (no captures) from Rancho Jamul Ecological Reserve/ Hollenbeck Canyon Wildlife Area (JAM) for a total of 101 samples. We removed 1 P. californicus sample from the data set due to poor amplification and found no identical genotypes in the data set. We did not analyze this species at SPP due to small sample size. Of the remaining 97 samples that we retained, 81 samples (83.5%) amplified for all markers, 14 samples (14.5%) failed to amplify for 1 marker, 1 sample (1%) failed for 2 markers, and 1 sample (1%) failed for 6 markers.
For P. fraterculus, we collected 25 samples from VC, 2 samples from TP, 36 samples from SPP, 70 samples from CABR, and 49 samples from JAM for a total of 182 samples. No samples were removed due to amplification problems and no identical genotypes were detected, but we excluded TP for this species due to small sample size. Of the remaining 180 samples that we retained, 168 (94%) amplified for all markers with 8 samples (4%) failing to amplify for 1 marker, 1 sample (0.5%) failing for 3 markers, 1 sample (0.5%) failing for 4 markers, 1 sample (0.5%) failing for 5 markers, and 1 sample (0.5%) failing for 6 markers. Genotyping error rates per allele were 1.1% for P. californicus and 0.69% for P. fraterculus.
The markers Po-116A and Ppa46 showed null alleles at all sites for P. fraterculus and were excluded from all analyses. Also for P. fraterculus, the marker PLGT62 did not conform to Hardy-Weinberg expectations at all sites, markers Pml03, PLGT15, and PLGT58 did not conform at 2 sites each, and PO-26, PO3-68, and PLGATA68 did not conform at 1 site. For P. californicus, the marker Po-71 did not conform to HardyWeinberg expectations at 2 sites, and PLGT22 and 5315 did not conform at 1 site each. The markers showed a deficit of heterozygotes, and departures from Hardy-Weinberg expectations may be due to nonrandom mating and age structure, as a mixture of age classes was captured at all sites. All markers for both species were found to be in gametic equilibrium, and none were identified as under directional or balancing selection. Thus, for all subsequent analyses, we retained 12 microsatellites for P. californicus and 10 for P. fraterculus. Observed heterozygosity and the number of alleles for each marker and species at each site are reported in Supplementary Data SD3. The genotypes for all individuals are included in Supplementary Data SD4.
Across all sites, we identified 18 pairs of 1st-order relatives for P. californicus and 7 pairs for P. fraterculus. All relatives for P. californicus were identified from the site TP. For P. fraterculus, relatives were identified from VC (2 pairs), SPP (2 pairs), CABR (2 pairs), and JAM (1 pair). We used a reduced data set with one individual of each 1st-order relative pair removed for the genetic diversity, genetic differentiation, Bayesian clustering analyses, and DAPC, which included 82 P. californicus samples from 3 sites (VC, TP, CABR) and 175 P. fraterculus samples from 4 sites (VC, SPP, CABR, and JAM). Relatives were included in the landscape modeling for P. fraterculus. Landscape modeling was conducted only for P. fraterculus and only at the site JAM based on the results of the Bayesian clustering analysis (see "Landscape analysis" below for details).
Genetic analyses.-For P. californicus, observed heterozygosity (H O ) ranged from 0.69 to 0.79, allelic richness (A r ) ranged from 4.47 to 8.52, and inbreeding coefficients (F IS ) ranged from -0.032 to 0.0481 ( Fig. 2 ). The site CABR had the lowest allelic richness among sites for both species, and the 95% confidence intervals showed no overlap with other sites (Fig. 2) . Pairwise F ST comparisons showed slight, yet statistically significant genetic differentiation between sites for both species (Table 2 ). The mean interindividual genetic distances (Mean Rousset's â across all sites) were 0.04 for P. californicus and 0.14 for P. fraterculus. Peromyscus californicus exhibited a pattern of significant IBD at VC and TP (2 of 3 sites), whereas P. fraterculus did not exhibit significant IBD at any site (Table 3) . Hierarchical structure analyses revealed subtle population structure for P. californicus. The county-level analysis identified 3 genetic clusters (K = 3), and the 2nd level analysis of each site individually returned K = 1 for all 3 sites, indicating no further structure (Fig. 3) . Results from the DAPC analysis for P. californicus also identified the 3 sampling sites independently and well-spaced from one another (see Supplementary Data SD5A). Greater population structure was evident for P. fraterculus (Fig. 4) . Structure returned K = 2 for county-level analyses, with CABR in 1 cluster and VC, SPP, and JAM in the other. The 2nd level hierarchical analysis for CABR returned K = 1, indicating no further structuring at this site. The 2nd level hierarchical analysis for VC, SPP, and JAM produced K = 2, with JAM in 1 cluster and VC and SPP in the 2nd. The 3rd level analysis showed K = 2 for JAM, and K = 1 for VC and SPP. The 4th level analysis for the 2 JAM clusters reached K = 1, with each of the 2 clusters largely conforming to sampling plots on either side of the roadway. The plots of log likelihood and ΔK are included in Supplementary Data SD6. The DAPC analysis for P. fraterculus also showed all sites independently, with VC and SPP occurring in close proximity in the same quadrant (see Supplementary Data SD5B) .
Landscape analysis.-We performed landscape modeling only for P. fraterculus at the site JAM, as this was the only site that showed fine-scale genetic structure. We categorized major habitat types and natural and anthropogenic landscape features at this site (Fig. 5) and used partial Mantel tests to identify appropriate relative resistance values. The partial Mantel tests indicated that only extended agriculture and roads were significant features, with the highest relative resistance value (1,000) as most informative for each (Supplementary Data SD7). However, model comparisons indicate that the 2 single-variable models and the IBD model (the null model) were all equally supported ( Table 4 ), suggesting that neither roads nor agricultural lands strongly explained the genetic distances between samples. Using the ResistanceGA method, we found a similar result in that no layer was a better explanation than the null distance model (Table 5) .
discussion
Overall, our genetic analyses demonstrated that these 2 species of closely related deer mice exhibited similar patterns of genetic diversity, and both generally seem to retain connectivity in habitat fragments divided by roadways. However, there are some indications that increasing isolation and habitat fragmentation have an effect on these species in certain cases. We discuss more specific results below.
Genetic diversity.-We found comparable levels of allelic richness (a measure of genetic diversity that accounts for differences in sample size) for P. californicus and P. fraterculus at all sampling sites, including 1 site where both species had markedly lower allelic richness (see below). Our results for P. californicus are similar to those in a previous study of this species in San Diego County that was conducted using allozymes (Putinier 1994) . Our results for P. fraterculus are generally similar to those for P. californicus and to values reported for other Peromyscus species in the United States (H O = 0.56-0.74, A r = 6.4-9.2 for P. polionotus, P. leucopus, and P. maniculatus- Tenaglia et al. 2007; Munshi-South and Kharchenko 2010; Taylor and Hoffman 2012, respectively) . Genetic analyses.-Interindividual analyses of IBD uncovered some key differences in spatial patterns between the 2 species (Table 3 ). In particular, P. californicus showed patterns of IBD at VC and TP, but not CABR. Spatial patterns can vary across sites due to differences in gene flow and population differentiation (Slatkin 1993; Castric and Bernatchez 2003) , and the isolation of CABR may make it much less typical for species-specific patterns than other populations in San Diego County; thus, we think it likely that a pattern of moderate IBD is more typical for P. californicus. However, P. fraterculus did not demonstrate a pattern of IBD at any site, indicating that there is likely less local clustering of related individuals in this species. The difference between the 2 species in IBD may reflect differences in mating system and social structure. Peromyscus californicus is both socially and genetically monogamous, with males actively participating in the rearing of young (Gubernick and Alberts 1987; Ribble 1991) . Since P. californicus tends to cluster in family groups, the resulting genetic differences among individuals within a site increase with Euclidean distance, leading to a pattern of IBD at the spatial scale of our sampling sites (see Table 3 ). This pattern has also been seen in the monogamous species P. polionotus, where geographic distance has often been positively correlated with genetic distance (Tenaglia et al. 2007; Kalkvik et al. 2012; Zimmerman et al. 2015) . In contrast, the mating system and social structure for P. fraterculus remain unresolved. Although some have suggested that monogamy or facultative monogamy may be present in this species (Dewsbury 1981; Jaŝarević et al. 2013 ), this has not been confirmed with field data or tested genetically. The lack of IBD for this species is more consistent with that of the promiscuous species P. maniculatus (Vucetich et al. 2001; Taylor and Hoffman 2012) .
The site CABR was distinct among sampling sites for both species. Both species had significantly lower allelic richness at CABR compared with the other sites (Fig. 2) , and the pairwise F ST values including CABR showed greater differentiation than the pairwise comparisons between other sites (Table 2) . These results are not completely unexpected, as this site is located on a small peninsula surrounded by urbanized areas; it has been essentially disconnected from other open space or preserved areas for the past ~100 years. In addition, lower allelic richness has recently been documented in 2 lizard species, Sceloporus occidentalis and Aspidoscelis hyperythra, at CABR (Luckau 2015) . These results suggest that genetic diversity has already been lost across a range of terrestrial species in this area. Our study highlights the potential risk for preserves that similarly lack connectivity to other native habitats, as managing the genetic resources of populations generally requires a greater area than managing population persistence (Jackson and Fahrig 2014) . It also supports other findings that common and abundant species can suffer loss of genetic diversity due to isolation and habitat fragmentation (e.g., Delaney et al. 2010; Munshi-South and Kharchenko 2010) .
Population structure.-Bayesian clustering analysis revealed some similarities in broad-scale patterns between P. californicus and P. fraterculus. The site CABR is distinct from other sampling sites, which tend to be more similar to each other. This is also evident in the DAPC plots showing CABR as more distant from other sites (see Supplementary Data SD5). As discussed above, CABR occupies a unique place in the county, resulting in a more isolated environment, which plays out here in the structuring analyses. On a finer scale, P. fraterculus demonstrated additional hierarchical levels, whereas P. californicus Richardson (2012) for Peromyscus fraterculus at Rancho Jamul Ecological Reserve/ Hollenbeck Canyon Wildlife Area (JAM) in western San Diego County, California (2012 . Models and associated features are listed with the number of parameters (k), the residual sums of squares resulting from the 2nd linear regression (RSS), the likelihood value calculated from the RSS (Likelihood), ΔAIC, and model weight (ω). All models had the same number of points (n = 45). did not, although we cannot compare the 2 species directly, since the site at which P. fraterculus exhibited finer-scale structure lacked P. californicus. Population genetic structure was detected below the county level for P. fraterculus, as the northern inland sites (VC and SPP) clustered together while the southern inland site (JAM) remained independent (Fig. 4) . These findings may be a function of landscape. JAM may cluster separately due to separation from SPP by the cities of El Cajon and Santee, and the community of Lakeside, which are all located directly between JAM and SPP (Fig. 1) . The landscape between VC and SPP is peripheral to major urban areas and is generally open space interspersed with urban-residential and agricultural areas, potentially mitigating population divergence. For the DAPC analysis, VC and SPP were in very close proximity, which is consistent with the idea that these 2 sites may be slightly more connected on the landscape than other sites. Although our data are insufficient for a detailed evaluation of the landscape between sampling sites, the results here are a reminder that maintaining connectivity between native habitats can be an important strategy for reducing the negative effects of habitat fragmentation.
We found additional structuring for P. fraterculus within the site JAM, but not in VC or SPP. The latter 2 sites are primarily native vegetation communities composed of chaparral and coastal sage scrub habitat, respectively. The site JAM is comprised of a mixture of native scrub, agriculture, and non-native grassland (Fig. 5) , and the patchwork habitat may be one factor in the genetic structuring seen at this site. A 2nd factor may be the roadway. Structure returned K = 2 for JAM, with the clusters each associated with a different side of the road (State Route 94; Fig. 5 ). This is unexpected given that the road here is smaller (2 lanes) than the roads at 2 other sites for this species (4 lanes), and the larger roadways did not appear to cause populations to diverge at those sites. This result led to the landscape modeling in an effort to determine the influence of the road and the habitat fragmentation on the genetic structure in this subpopulation.
Landscape analysis.-The landscape modeling for P. fraterculus at JAM was inconclusive, with the null and distance models being as informative as those including landscape features. Despite the range of resistance values tested between the different methods, neither found a strong correlation between landscape features and genetic distance observed in the sampled populations. These results may be attributable to: 1) the limited spatial extent of this study, 2) the true absence of correlations between landscape features and genetic distance for this species across the study system, or 3) insufficient power from 10 microsatellite loci for the landscape analysis, despite the ability of similar numbers of microsatellites to resolve fine-scale structure in other species of Peromyscus. For example, Marrotte et al. (2014) identified urban land use, rivers, and highways as highly resistant features, and agriculture-related land use as the least resistant, to movement of the white-footed mouse (P. leucopus) using 11 microsatellites. Curiously, Zimmerman et al. (2015) determined that both continuous dune habitat and roadways contributed to a reduction in genetic distance among populations of the southeastern beach mouse (P. polionotus niveiventris) with 10 microsatellites. They reasoned that roadways contributed to more open habitat that is similar to the dunes used by this species. Although we were unable to detect a specific effect of roadways or land use practices at the JAM site, the habitat may indeed have a prominent influence on genetic patterns at this site. The Structure results suggest that the highway bisecting this site is important in shaping genetic structure, but we lacked the power to detect this effect through landscape modeling. The native scrub habitat at JAM is very patchy and heavily disrupted by agricultural and non-native grasslands. This type of habitat fragmentation has been shown to affect population structure in a number of species, including roe deer (Capreolus capreolus- Coulon et al. 2004) , European wood mouse (Apodemus sylvaticus- Booth et al. 2009 ), white-footed mouse (Munshi-South and Kharchenko 2010), and European pine marten (Martes martes- Ruiz-Gonzales et al. 2015) . More powerful genetic markers combined with more extensive sampling over a greater geographic extent could provide greater insight into the effects of fragmentation on fine-scale connectivity within P. fraterculus populations.
Overall, we found that our study species generally maintain similar levels of diversity throughout our study area and most populations do not seem to be genetically diverging as a result of fragmentation, particularly that caused by roadways. However, there were 2 exceptions to this. These exceptions indicate that extensive, long-term isolation from other populations can reduce genetic diversity in both species, and that habitat fragmentation can cause some divergence in populations. In our case, fragmentation at 1 site appeared to result from a combination of features, including a roadway and the disruption of the natural landscape through land use changes. Our genetic data also provide important baseline information for these widespread species that may be used in future studies to determine how genetic structure and diversity may be changing over time. Given the ongoing urbanization and population growth, native habitats will likely continue to be reduced and fragmented, and it is important that management and conservation agencies monitor the effects of such expansion to prevent loss of genetic diversity in local species.
